The clonal seaweed Chondrus crispus (Rhodophyta, Gigartinales) forms extensive stands at low intertidal elevations on wave-sheltered rocky shores of the North Atlantic. This study investigates if this bushy alga acts as a foundation species in such habitats. The abundance (percent cover) of C. crispus, all other algae, and invertebrates was measured in 390 quadrats spanning 350 km of coast in Nova Scotia, Canada. In these low-intertidal habitats, fucoid algae are the largest organisms and can form extensive canopies, but their cover was unrelated to benthic species richness and to C. crispus cover. Species richness, however, increased with C. crispus cover from low to intermediate cover values, showing little change towards full C. crispus cover. Species composition (a combined measure of species identity and their relative abundance) differed between quadrats with low (0-1%) and high (60-100%) cover of C. crispus. High C. crispus cover was associated to more invertebrate species but fewer algal species than low C. crispus cover. However, the average abundance of algal and invertebrate species occurring in both cover groups was often higher under high C. crispus cover, contributing to a higher average richness at the quadrat scale. Overall, only 16% of the observed variation in species richness was explained by C. crispus cover. Therefore, this study suggests that C. crispus acts as a foundation species but with a moderate influence.
INTRODUCTION
Foundation species are organisms that create habitats by providing substrate through their body structures and that modify local environmental conditions (Altieri and van de Koppel 2014) . Through those mechanisms, foundation species influence the richness (number of species) and composition (a combined measure of the identity and relative abundance of species) of local communities. Terrestrial examples of foundation species are alpine plants, which protect smaller plants from wind and cold stress (Ballantyne and Pickering 2015) , bromeliads, which host microfauna in rainwater-filled phytotelmata (Hammill et al. 2015) , and trees, which alter microclimates and host fungi, lichens, plants, and animals on trunks and branches (Thomas and Packham 2007 , Bäcklund et al. 2016 , Dislich and Mantovani 2016 . In marine intertidal habitats, mussels and barnacles can limit local abiotic stress through their shells and serve as complex substrate for colonization, increasing local richness (Harley and O'Riley 2011, Arribas et al. 2014) . Intertidal seaweed canopies can increase local richness by limiting understory abiotic stress during low tides (Watt and Scrosati 2013a) and by providing habitat for epiphytic algae and invertebrates (Johnson and Scheibling 1987 , Longtin et al. 2009 , Jones and Thornber 2010 .
The seaweed Chondrus crispus Stackhouse (Rhodophyta, Gigartinales) is a common species at low intertidal elevations on cold-temperate North Atlantic shores (Lubchenco and Menge 1978, Scrosati and Heaven 2007, affect species richness or composition, likely because fucoid algae have little environmental influences during the short low tides that characterize low elevations Scrosati 2013a, 2013b) . Using the data published by Watt and Scrosati (2014) , it can also be shown that fucoid algal cover was also unrelated to the cover of C. crispus at the low intertidal zone (r = 0.009, p = 0.862, n = 390 quadrats) (Fig. 1) . However, C. crispus might still influence local communities at the low intertidal zone, because its stands, despite being shorter than those of fucoid algae, are more compact and thus increase habitat complexity (Fig. 2) . Therefore, the two hypotheses of this study were tested using the data published by Watt and Scrosati (2014) only for the low intertidal zone.
Specifically, the data used for this paper describe the percent cover of all invertebrates and algae (including C. Hu et al. 2010) . Because of its ecological and economic importance, it is a well studied species. Thus, knowledge exists on its life cycle (Chen and McLachlan 1972) , reproductive phases (Scrosati et al. 1994 , Scrosati and Mudge 2004 , Guidone and Grace 2010 , Garbary et al. 2011 , biomechanics (Carrington et al. 2001) , interspecific interactions (Lubchenco and Menge 1978, Lubchenco 1980) , cultivation (Chopin et al. 1999 , Matos et al. 2006 , and bioremediation potential (Corey et al. 2013) . It is a clonal seaweed that can form extensive intertidal beds, as the holdfasts can grow across the substrate producing fronds (ramets) in high densities (McLachlan 1991) . These dense stands can be considered as turfs (Connell et al. 2014) . Therefore, this seaweed has the potential to act as a foundation species. However, little is known in this regard. For this reason, this paper examines how the abundance (cover) of intertidal C. crispus relates to the structure of associated communities. The first hypothesis was that the species richness of the associated communities would increase with C. crispus cover, as habitat complexity increases in that way (Matias et al. 2015) . On the other hand, as species composition is more sensitive than richness to changes in habitat conditions (Heaven and Scrosati 2008 ), this study also tested the hypothesis that the composition of associated communities would change with C. crispus cover.
MATERIALS AND METHODS
This paper uses an existing dataset that describes the percent cover of intertidal species measured along 350 km of coastline between Taylor Head (44°48.79′ N, 62°34.26′ W) and Godie Point (45°36.69′ N, 60°49.19′ W), on the Atlantic coast of Nova Scotia, Canada, in May 2008. The full dataset has been published by Watt and Scrosati (2014) . The data were originally gathered to investigate the effects of the cover of fucoid algal canopies (Ascophyllum nodosum (Linnaeus) Le Jolis and Fucus spp.) on the species richness and composition of benthic communities at the high (1-1.5 m of elevation above chart datum), middle (0.5-1 m), and low (0-0.5 m) intertidal zones of wave-sheltered rocky shores (Watt and Scrosati 2013b) . C. crispus was absent at the high zone and rare at the middle zone (mean percent cover = 1%). However, at the low zone, C. crispus had a mean percent cover of ~20%, with a range of 0-100% (Watt and Scrosati 2014) , forming canopies that were only smaller than those of the fucoid algae, which covered all other species when abundant.
At the low intertidal zone, fucoid algal cover did not http://e-algae.kr varied little (see results). Species composition was compared between these two groups through a multivariate analysis of similarity (ANOSIM) based on Bray-Curtis distances among quadrats using fourth-root-transformed data to limit the influence of abundant species in the analysis (Clarke and Warwick 2001) . The differences between both groups were visually summarized using nonmetric multidimensional scaling (NMDS). These analyses were done with PRIMER 6.1.11 for Windows (PRIMER-E, Lutton, UK).
RESULTS
A total of 69 species (25 algae excluding C. crispus and fucoid algae, one lichen, and 43 invertebrates) were identified on the studied coast (Table 1 ). The quadratic model relating the percent cover of C. crispus and the richness of associated species (AICc = 1,953.7) was better than the linear model (AICc = 1,969.3). The ratio between the values of weight of evidence for the quadratic (0.9995904) and linear (0.0004096) models indicated that the quadratic model was ~2,441 times more plausible than the linear model. Therefore, the quadratic function was used to examine the relationship (Fig. 3) between C. crispus cover (C) and species richness (S):
This function predicts that species richness increases from a minimum value of ca. 11 species under 0% cover towards higher cover values, exhibiting signs of saturation at intermediate cover values and reaching a peak of ca. 15 species under 66% cover, after which it decreases slightly towards 100% cover (Fig. 3) . The adjusted R 2 value crispus but excluding the fucoid algae) measured during low tides in 390 random quadrats (20 cm × 20 cm) using a metallic frame divided in 100 squares with monofilament line. For each quadrat, the percent cover of each species was determined by counting the number of squares in which the species' cover was 50% or more. If a species was present in a quadrat, but covered less than 1% in total, its cover was recorded as 0.5%. Because fucoid canopies, whenever present, covered all other organisms, the percent cover of C. crispus and the associated species was measured after carefully moving away the fucoid canopies. Organisms were identified with field guides (Gibson 2003 , Martinez 2003 , Sept 2008 ) and taxonomic keys (Pollock 1998 , Sears 1998 ) to as low a taxonomic level as possible, as normally done in studies that evaluate primary producers and consumers (Valdivia and Molis 2009, Golléty et al. 2011) . As most of the encountered organisms were identified to the species level (Table 1) , the text refers to species richness and composition for ease of presentation.
For each quadrat, the richness of associated species was calculated as the number of species (excluding C. crispus) found in the quadrat. The relationship between C. crispus cover and species richness was evaluated through linear and quadratic regression analyses (Sokal and Rohlf 2012) . As the linear and quadratic models differ in number of parameters, the models were compared using their respective values of the corrected Akaike's information criterion (AICc). Using both AICc values, the weight of evidence was calculated for each model. The plausibility of the quadratic model relative to the linear one was evaluated by calculating the evidence ratio, that is, the ratio between the weight of evidence for the quadratic model and the weight of evidence for the linear model (Anderson 2008) . Once the best of the two models (the one with the lowest AICc value) was identified, its adjusted squared correlation coefficient (R 2 ) was calculated to determine the amount of variation in richness that could be explained by C. crispus cover (Sokal and Rohlf 2012) . These analyses were done with PRISM 6.0c for Mac OS (GraphPad, La Jolla, CA, USA).
Since species richness differed between stands with low and high cover of C. crispus (see results), species composition was compared between two groups that represented that difference well. The low-cover group included the quadrats that had 0-1% cover of C. crispus, intended to represent null to small C. crispus influences. The highcover group included the quadrats that had 60-100% cover of C. crispus, intended to represent high C. crispus influences considering a cover range along which richness http://e-algae.kr species from the species pool available at low elevations. A similar pattern was found for fucoid algal canopies at middle and high elevations, which is where fucoid canopies influence local species richness (Watt and Scrosati 2013a) .
The community influence of C. crispus likely relates to its effects on abiotic stress and habitat complexity. During low tides, exposure to the air causes desiccation and thermal stress in intertidal organisms (Raffaelli and Hawkins 1999) , but dense algal stands (like those of C. crispus) retain moisture and shade habitats at low tide, limiting such stresses (Hay 1981 , Scrosati and DeWreede 1998 , Guenther and Martone 2014 , Smith et al. 2014 , Fernández et al. 2015 . Except for a few sessile invertebrates (barnacles, Semibalanus balanoides, and mussels, Mytilus spp.), intertidal invertebrates are often mobile and have little tolerance for low-tide stresses, suggesting that their occurrence could be enhanced in C. crispus stands. During high tides, dense stands of C. crispus limit water velocity within the stands, limiting hydrodynamic stress and providing a safer environment for mobile invertebrates than bare rock (Johnson 2001, Boller and Carrington 2006) . Finally, C. crispus increases habitat complexity because its fronds are branched and occur in dense stands (McLachlan 1991) (Fig. 2) . Such structures create environmental mosaics in small volumes, potentially allowing for small species with different niche requirements to coexist (Matias et al. 2015) . In support of the above notions, the group of high-cover quadrats had six more invertebrate species than the group of low-cover quadrats. Moreover, 65% of the invertebrate species that occurred in both cover groups were more abundant under high cover (Table 1) . Increases in invertebrate abundance with the stand biomass of morphologically complex intertidal seaweeds have recently been described for polar shores (Martín et al. 2016) .
The possible mechanisms discussed above might have less influence on the associated algae, as algae compete for substrate, light, and nutrients with C. crispus. In fact, the group of low-cover quadrats had, in total, nine more algal species than the group of high-cover quadrats (Table 1). However, at the quadrat scale, such a difference did not prevent high-cover quadrats from having a higher average richness of associated species than low-cover quadrats. Moreover, of the algal species that occurred in both cover groups, 60% were more abundant under high C. crispus cover (Table 1) . Therefore, it seems that, while a high cover of C. crispus may prevent some algae from being present, many algal and invertebrate species are actually favoured by high cover, contributing to a higher for the quadratic model was 0.156 (p < 0.001), indicating that 15.6% of the observed variation in species richness could be explained by changes in C. crispus cover.
In the group of quadrats with 0-1% cover of C. crispus, 57 species (22 algae, one lichen, and 34 invertebrates) were identified, while 54 species (13 algae, one lichen, and 40 invertebrates) were identified in the group of quadrats with 60-100% cover (Table 1) . Both cover groups shared 42 species (61%) of the total number encountered in this study (Table 1) .
At the quadrat scale, species composition differed significantly between low (0-1%) and high (60-100%) cover of C. crispus (ANOSIM, global R = 0.461, p < 0.001). The difference in composition between both cover groups was clearly revealed by NMDS ordination (Fig. 4) .
DISCUSSION
This study suggests that the clonal seaweed C. crispus acts as a foundation species at low elevations in wavesheltered rocky intertidal habitats in Atlantic Canada. Its influence appears to be mild, however, because only 15.6% of the observed variation in the richness of associated species could be predicted from C. crispus cover. Moreover, the positive influence of cover was most evident only from low to would likely yield the same basic results. For example, the large-scale mensurative study that evaluated fucoid algal effects on intertidal communities (Watt and Scrosati 2013b ) was supported by a manipulative field experiment that asked the same question but could only be done at one location due to logistics (Watt and Scrosati 2013a ). Large-scale mensurative studies like this one are valuable because they provide conclusions with a high degree of realism that are representative of a region of interest (Sagarin and Pauchard 2010) . average richness at the quadrat scale.
In addition, high C. crispus cover favoured a higher compositional similarity among quadrats than low cover, as indicated by the lower spatial dispersion of highcover quadrats in the NMDS ordination, compared with low-cover quadrats. This difference also occurs in alpine plant communities that are influenced by cushion plants, as these foundation species increase the compositional similarity among stands (Kikvidze et al. 2015) .
The effects of fucoid algal canopies on individual species have been studied for some cases (Bertness et al. 1999) . However, the effects of C. crispus, especially on the many small species that occur in its intertidal stands, remain largely unstudied. Therefore, the mechanisms that possibly explain the results of this study (summarized above) should be evaluated experimentally. Another aspect that will require experimental study is the understanding of the observed variation in species richness. The correlation analysis showed that 84.4% of the variation in richness observed at the low intertidal zone was influenced by factors other than C. crispus cover. Such factors could include substrate slope (Harley 2008 , Vaselli et al. 2008 ) and rugosity (Menge et al. 2010) , local differences in water flow (Lau and Martinez 2003) , and interspecific interactions (Menge 1995 , Kim 1997 , Ellrich et al. 2015 , which could be evaluated with field experiments.
In some communities, large foundation species (e.g., trees) facilitate the occurrence of smaller foundation species (e.g., bromeliads) that in turn favour the occurrence of other species (Angelini and Silliman 2014) . Such a facilitation cascade does not seem to occur between the large canopy-forming fucoid algae (A. nodosum and Fucus spp.) and C. crispus on wave-sheltered shores in Atlantic Canada. These fucoid algae increase local species richness only at high and middle intertidal elevations, where their canopies greatly limit thermal and desiccation extremes during low tides (Beermann et al. 2013, Watt and Scrosati 2013a) . However, C. crispus is almost absent at such elevations (Watt and Scrosati 2014) . It is at low elevations where local species richness increases with C. crispus cover, but the fucoid algae appear not to affect C. crispus cover there (Fig. 1) . Therefore, while the fucoid algae are foundation species at high and middle elevations, C. crispus seems to be a foundation species, albeit less markedly, at low elevations.
The field manipulation of C. crispus cover to evaluate effects on the richness and composition of associated communities could strengthen this study's conclusion. Given the high quadrat replication and large geographic extent of this mensurative study, a field experiment
